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27 
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CASE HISTORIES 

Location 
Rattlesnake Wash at I-40 near Kingman, Arizona 
Oraibi Wash at SR-264 near 01,d Oraibi, Arizona 
Little Colorado River at US-666 near St. Johns, Arizona 
Little Colorado River at SR-77 near Holbrook, Arizona 
Fries Wash at I-40 near Kingman, Arizona 
Quartzite Canyon at US-60 Arizona 
Santa Cruz River at I-19 near Sahuarita, Arizona 
Rillito Creek at I-10 near Tucson, Arizona 
Rillito Creek at US-89 near Tucson, Arizona 
Avondale Wash at SR-85 near Phoenix, Arizona 
Holy Moses Wash at US-66 near Kingman, Arizona 
Walker Creek at US-160 near MexiLan Water, Arizona 

St. Francis River Floodway .(ditches 60 & 61) at US-63 
near Marked Tree, Arizona 

Red River at SH-41 between Forman and Fulton, Arkansas 
Burnt Cane Lake at SH-38-50 near Widener, Arkansas 
Crow Creek at I-30 near Forest City, Arkansas 
Sulphur River at US-71 near Fort Lynn, Arkansas 
Boeuf River at SH-14.4 near Lake Village, Arkansas .I 
Stillwater Creek at SR-299 near Redd‘ing, California \ 
Smith River at US-101 near Crescent City, California 
San Diego River at SR-67 near Lakeside, California 
Cuyama River at SR-166 near Santa.Maria, California 
Kelsey Creek at SR-89 near Kelseyvill, California 
Mad River at SR-299 near Blue Lake, California 
Hosler Creek at SR-96 near Hoopa, California 
Broaddus Creek at SR-20 near Willits, California. 
Wildcat Creek near Ft. Morgan in Morgan County, Colorado 
15th Street Bridge over the South Platte River, Denver, 

Colorado 
Cruz Gulch at US-24 near Colorado Springs, Colorado . _- . ,. “., ( ) < ,. tj ._ 
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History 
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49 
50 
51 
52 
53 
54 
55 
56 
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59 

Location 

Little Missouri River at US-22 north of Killdeer, North 
Dakota 

Small Stream at SR-24 south of Fort Yates, North Dakota 
Tributary to East Fork of the Nishnabotna River at SH-37 

near Defiance, Iowa 
Culver Creek, Tributary to Boyer River at SH-37 near 

Dunlap, Iowa 
Mosquito Creek at SH-191 near Portsmouth, Iowa 
Silver Creek at I-80 near Shelby, Iowa 
Big Whiskey Creek at US-20 near Lawton, Iowa 
Iowa River at SH-14 near Marsh.alltown, Iowa 
Allen Creek at SH-127 near Magnolia, Iowa 
Graybill Creek at SH-92 near Carson, Iowa 
One Hundred and Two River near Gravity, Iowa 
Floyd River near James, Iowa 
Kansas River near Bonner Springs, Kansas 
Stone House Creek, US-24 and US-59 at Williamstown, Kansas 
Middle Fork of Beargrass Creek at I-64, Jefferson County, 

Kentucky 
Poor Fork of the Cumberland River at US-l-19, Harlan 

County, Kentucky 
Chadwick Creek at I-64, Boyd County, Kentucky 
Taylor Creek, I-471, Campbell County, Kentucky 
Pond Creek at US-119, Pike County, Kentucky 
Amite River at SH-37 near Grangeville, Louisiana 
Cool Creek at I-55 near Kentwood, Louisiana 
Whitten Creek at SR-37 at Baywood, Louisiana 
Lawrence Creek at SIX-16 near Franklinton, Louisiana 
Comite River at SH-64, East Baton Rouge Parish; Louisiana 

West Pearl River at I-59, St. Tammany Parish, Louisiana 
East Pearl River at I-10, St. Tammany Parish, Louisiana 
Mississippi River at I-494, South St. Paul, Minnesota 
Yalobusha River at SH-9 near Calhoun City, Mississippi 
Perry Creek at I-55 near Grenada, Mississippi 
Batupan Bogue at SH-8 at Grenada, Mississippi 



Case 
History Location 

60 Black Creek at SR-7 near Avalon, Mississippi 
61 Pigeon Roost Creek at SR-305 near Lewisburg, Mississippi 
62 Homochitto River at SR-33 at Rosetta, Mississippi 
63 Tillatoba Creek at SH-35 at Charleston, Mississippi 
64 Kimsey Creek at I-29 near Mound City, Missouri 
65 Middle Fork Grand River, SH-46 near Grant City, Missouri 
66 Davis Creek at I-70 near Sweet Springs, Missouri 
67 West Gallatin River at I-9 near Bozeman, Montana 
68 Niobrara River at SR-12 near Niobrara, Nebraska 
69 Muddy Creek at SR-50 in Otoe County, Nebraska 
70 

71 
72 

73 

74 

75 

76 

South Fork Little Nemaha River,at SR-50 near Cook, 
Nebraska 

Logan Creek at SR-9 near Pender, Nebraska 
Elk Creek at SR-15 near Jackson, Nebraska 
Little Nemaha River, County Road near Unadilla, Nebraska 
Small Creek at US-73 south of Decatur, Nebraska 
Papillion Creek at SR-64, US-6, SR-92, I-50, SR-370 near 

Omaha, Nebraska 
East Branch Pemigewasset River nearlincoln, New Hampshire 

77 Arroyo Seco at US-84 
78 Chupaderos Arroyo at 
79 Washes at SR-68 near 
80 White Water Creek at 
81 Caddo Creek at SH-53 
82 North Fork of Walnut 

Oklahoma 

near Espanola, New Mexico 
SR-30 near Espanola, New Mexico 
Velarde, New Mexico 
US-180 near Glenwood, New Mexico 
west of Milo, Oklahoma 
Creek at US-62 near Blanchard, 

83 Wallowa Lake Bridge over Grande Ronde River near Island 
City, Oregon 

84 Pacific Highway West Bridge over the Willamette River 
near Harrisburg, Oregon 

85 Mt. Hood Highway Bridge over White River, Oregon 
86 South Fork Forded Deer River at US-51 near Halls, Tennessee 
8 7 

8 8 

Cane Creek at US-51, SR-19, CR-8044, near Ripley, Lauder- 
dale County, Tennessee 

North Sulphur River at FM-68 near Paris, Texas 



Case 
History Location 

89 Rowdy Creek at FM-38 near Paris, Texas 
90 Merrill Creek at SR-34 near Ladonia, Texas 
91 Merrill Creek at FM-1550 near Ladonia, Texas 
92 Baker Creek at FM-1550 near Ladonia, Texas 
93 Mallory Creek at FM-137 near Howland, Texas 
94 Cherry Creek at FM-1184 near Howland, Texas 
95 Weber River at I-80N between Echo and Riverdale, Utah 
96 Salina Creek at I-70 near Salina, Utah 
97 Virgin River at I-15 near Bloomington, Utah 
98 East Fork of the Virgin River at US-89 near Mt. Carmel, 

Utah 
99 Boxelder Creek at I-25 near Glenrock, Wyoming 

100 Carpenter Creek at SR-192 near Sussex, Wyoming 
101 Cole Creek at SR-192 near Sussex, Wyoming 
102 Unnamed Draw on Kaycee-Mayoworth Road near Kaycee, Wyoming 
103 Elk Creek at SR-789 near Basin, Wyoming 
104 Alkali Creek at Ralston-Badger Basin Road near Powell, 

Wyoming 
105 Old Badwater Bridge over. Badwater Creek near Shoshone, 

Wyoming 
106 Tenmile Draw Creek at I-80 near Point of Rocks, Wyoming 
107 Cheyenne River at SR-63 south of Eagle Butte, South Dakota 

'. 108 Big Elk Creek Bridge, #47-080-535 at I-90, South Dakota 
109 Polo Creek Bridge, #41-162-082 at I-90, South Dakota 
110 Bear Butte River Bridge, #47-015-427 at I-90, South 

Dakota 



*r, .^I ,. ,.- ..,I ‘. ,~ Case History 1 

RATTLESNAKE WASH AT I-40 NEAR KINGMAN, ARIZONA 

h ~ Description 
The channel is 22.86 to 45,72M wide, sinuous locally braided, 

with low sidecut banks. The stream is ephemeral and the ground 
cover adjacent to the channel is mesquite brush. Bed material is 

h ,.-,,w I_ ', . ."'.sand, gravel and cobbles. 
The bridges are continuous CIP reinforced concrete slabs 

supported by 4 concrete wall piers with spread footings. Over- 
The west up- all length is 49.99M with a clear span of 10.671% 

stream bank.?is protecte'd with 91^.44M of 1,83M high railbank. A 
rock-lined interceptor enters the channel from the east, just up- 
stream of the EB bridge. 

d Gkadation P’koljleti <(“* i I  <, ^ .  ( /  /  . ,  

In 1972 a borrow pit was located downstream. This activity 
led to a'6.10M headcut which endangered the piers. However, 
from 1974 to 1978 the channel had aggraded an additional 0.64M. 
As of' this .writing‘,. t&i .bed is 1.52 to 1.83M below the top bf the 
piers. 

Q 
Countermeasures 

,I/, ?, > yn' i$'7&"'$;;;-& -Gere j.hiti$Ee'd td' 'constr-uct a drop structure 

downstream of the bridge, which was effective in stabilizing the 
bed level at the site. 

Discussion 
The drop structure effectively controlled a deep headcut 

which could have reached the piers and stabilized the channel at 
..61 to . 91M above the original construction level. 

Available documentation includes recent slides, original 
plans, drop structure plans, inspection reports, and cross sec- 
tions. 



‘: : 
,;,’ ., ., : .,, 

._ ‘,,,‘. 
..“. 

.._,. 

I,. ‘_ 

Ffev 3iG.J. lW’ .d_--- 
IT I’ ’ 



5J ,. .:A 
z 

1: 

‘. .., ,., :‘:.‘. ;: .,:.:. :‘,. ‘., ., : ,.,. : ‘.,. .’ 

.:‘-:-’ 
::. ‘. .’ ..,,. 

.“’ ..:‘. ,,;... ::. :. .’ :,: ..I.. :. 
i ”  ’ ’ 

,,, 
,; ; .:- ;: 

:., 
,.: .., 

I 

:, ..: .,. 
.:.;.:; :.:<:. ,,T: 

.,,‘, :.. ., .‘. ., : 
. . . . . . 1  :.::.... 

.:. 
.’ 

I ‘. 1  

.,::: /‘. 

:;..:.:: . . . . 
: ‘-.‘. 

::.. . ...” 

: ,,, :,,j’,, ~ [ ,.:;.;;: :” .’ .: II: is’J 

h ,_’ 
. .~. 

. 





Case History 2 
. 

Oraibi Wash Yat :$R 264 .near Old Oraibi, ,&rizona 
:. 

The site 'is located in rugged terrain above an alluvial desert 

plain. Sail in the area is primarily sand, with some gravel and 

sandstone formations. The drainage .ared is 
.$, 5.;. .' c i'\,c+ $ ,: ;'I; 1196.58km'. , . . ~'. :. I / : .; r 

Q50 = 450 C~S .,and Qloo = 560 ems. :T The main channel is ,. ,; _, 
~ 

'3.05 to 6.lOM';wide, and the overbank channel is _I , .I , ' , '. (, 
'15.24 to 30.48k: wide, 

_ si.. ,,. 
with : ' .' .3.'05 to 15.24M"': steeply d 

sloping banks. 

The bridge at this site is a prestressed beam simple span 

supported by 9 pile bents, with a total length of 106.99M 

The piles are CIP concrete with steel casing. 

In 1969, a routine inspection indicated some erosion of 

abutment protection. Ey 1972, routine inspection indicated con- 

siderable channel degradation and settlement of abutments was 

noted. Inspections conducted in 1975 showed continued degradation 

which left the bents with inadequate sway bracing. 

C&unterme'as'ures : 

In 1960, the original construction:,,replaced a timber pile 

bridge located approximately 91.44M downstream, The 

abutments were protected by a woven wire fence with rock rip-rap. 

In 1975, lateral X-bracing was installed by a contractor and the 

pile depths were carefully evaluated by state personnel. In 1977 ,)thc 

bridge was restricted to legal loads only (no overloads), and in 

1978 )a lo-ton load limit was imposed on the bridge in response to 

continued concern over inadequate sway bracing and bearing capacity. 



Cugpg-itly.~ ,a lqwAflovj':culye& detouk is b@in$ constructed 
. - 

just downstream from the'bridge.‘ The .e%i.sting bridge 'is 'scheduled 

for replacement,; and will be 'closed when the detour is completed. 

State personnel beXie+e thdt the 'over-all degradation trend 

was aggravated at the bridge 'site 'by a natural meander loop 

cut-off just downstreain, There 'is no current plan to attempt 

control of the channel. 

Accompanying documentation includes recent slides, original 

plans, ,inspection history, progressive 'channel cross-sections at 

the crossing, and plans for the detour. 

Additional information on Oraibi is available in Phoenix 

through the Chief Drainage Design Engineer. This information 

includes stereo photogrammetric coverage and an extensive photo- 

graphic file. 

The culvert bypass will remain in service until a new bridge 

is completed. The existing bridge will be placed back into 

temporary service during inter&m repaid work on the detour, as 

the culverts will probably not survive annual peak flows. 
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Case'History 3 

LITTLE COLORADO RIVER AT US-666 NEAR ST. JOHNS, ARIZONA 

Description 
The bridge site is located in an alluvial'plain, on the 

east edge of St. Johns, Arizona. The west bank is somewhat 
protected, and there are houses within 3.05M of the bank. There .., 
is a small drop structure 137.16M upstream'from the bridge. The 
overbank flow channel is 45.72 to 91.44M across, with a 1.83 to 
2.74M main channel. The bed is sand, silt and gravel, and the 
wash is overgrown with shrubs. 

Spans are wide-flange girders with floor beams, Pilings 
are CIP concrete. Total bridge length is 42.98M with a clear 
span of'10167M. The bridge was erected at this site in 1936. 

Gradation Problem 
Following the original construction in 1936, the site ex- 

perienced frequent flooding, possibly aggravated by the constric- 
tion at.the bridge site. By 1970, the channel had aggraded to 
the bottom of the girders. Aggradation has continued, further 
decreasing the freeboard. The area has continued to experience 
flooding, and the site is still experiencing aggradation problems. 

Countermeasures 
The channel had aggraded to such an extent that it had to 

be excavated in order to'perform maintenance on girders and 
rockers. With the continued aggradation, it was recommended that 
a new bridge be constructed in"1972. In 1977, the 1936'bridge 
was removed and a new bridge constructed 91.44M downstream, Al- 
though the new bridge is longer and higher than the old, it still 
experiences aggradation problems. The new bridge deck is actually 
above the adjacent road elevation. The channel is -91 to 1.22M 
below the girders of the new bridge. 



* .  8. 

Discussion 
The aggradation of this stream is representative of many 

streams within this area. The new longer bridge should partly 
alleviate the damming effect, but will continue to experience 
the same problem as the old. The channel should be expected 
to aggrade during low flows to the extent that the clearance at 
the bridge is insuf.ficient to pass peak flows. 

Available documentation includes plans for the old and new 
bridges, inspection reports, progressive cross sections, assorted 
correspondence related to flooding in the area, and recent slides. 
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Case History 4 

LITTLE COLORADO RIVER AT SR-77 NEAR HOLBROOK, ARIZONA 

Description 
The bridge site is located on the south edge of Holbrook, 

Arizona. The main channel is 68.58 to 91,44M wide with .91 to 
1.83M banks. The channel is meandering, and the banks'are side- 
cut. There is an overbank channel which extends 91.44 to 137.16M 
beyond the main channel with .61 to .91M banks. The bank material 
appears to be silt from 'previous overbank flow. The upstream 
reach has been extensively reworked, with the addition of sand 
dikes and probably 'some dredging:, During moderate flow,‘the water 
surface indicates an antidune bed formation. A short distance 
(8.05 to 16.09km) upstream, as the terrain -changes from flat plain 
to rolling hills, the river breaks into several narrower (4.57 to 
9.14M) channels'with 3.05 to 4.57M banks.'. 

The bridge is a steel pony truss supported by 3 wall piers. 
The total length is 108.20M. 

Gradation Problem 
Between 1929 and 1948, the freeborad decreased from 3.05M 

to 1.83M across the entire span, and by 1969 there was insuf-' 
ficient clearance under the exterior spans. Continued aggrada- 

tion has brought the freeboard from 1.22 to O.OOM and flows 
continue' to overtop the adjacent roadway. 'The two end .spans 
are badly silted. 

_' 
Countermeasures 

Very little was d-one to remedy the aggradation'problem until 
1975, State personnel deemed the bridge inadequate and the FHWA 
was requested to replace the bridge under the Special Bridge Re- 
placement Program. In 1977 the bridge was scheduled for replace- 
ment. 



Discussion 
The aggradation trend will probably continue after construc- 

tion of the new bridge. Reduced encroachment should help allevi- 

ate some of the'local problems at the bridge site. 
Available documentation includes bridge plans with super- 

imposed progressive cross sections, inspection reports since, 

1973, extracts from a technical inspection in 1969, and recent 

slides. 



>: 1; ~, 
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: Photograph No. 2 
North Span Looking Upstream 

_-- ._ 
t and North 

Note that the streambed has silted up to 
5, the point that there is less than 6ne foot 

of clearance under this span. 
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i Case History. 5 

FRIES WASH AT I-40 NEAR KINGMAN, ARIZONA 

_.. 
Description 

The stream is ephemeral. Channel is 22.86 to 45,72M 

across, meandering and locally braided. Banks are .91 to 1.52M 

sidecut and sloping. Bank material is.composed of sand, 'gravel 
/ . . ., 
and cobbles.' Sparsely vegetated desert'surrounds the channel. 

Bridges are continuous CIP reinforced concrete slab supported 

by 4 wall piers which bear on steel H-piles. Overall length is 

42,98M with a 9.14M clear span. Skew is 15O. Abutments are pro- .. 
1- ..~ ".. : '- 

tected with 45.72M of railbank. The channel is controlled by 'two' 

drop structures, one upstream and the other downstream, 

Gradation Problem 
A routine inspection in 1972 noted that considerable degra- 

dation due to downstream borrow pits had occurred since the 
original construction in 1965. By 1974 the'channel had stabilized 

to within .61M of the original level. Some undermining of the NE ..; ̂. ,* _ ..; ..,,,. 
abutment of the WB bridge was noted in -1'976. Presently, the 

channel is stable and there is approximately 3.05M between the . . 

bed and the top of the piers. There is, however, a noticeable 

.61M drop in the bed level upstream from the site. ,, 

Countermeasures . . 
Following the inspection in 1972, plans were initiated for 

channel control. Two drop structures were installed: a 1.22M ., ,_ ,) .. \ , i 
wall upstream and a 1.83M wall downstream. 

., . . 

II,, ,I ". ., ..,. "'/ 
. i',' , 

Discussion 
; I'.,'. ?'. .,_ 

Available supporting documentation includes recent slides, .' (' '. 1 ", .~. .; ,". f....‘ . ..".., ,."I .:,. # 
original plans, drop structure plans, inspection reports and 

,.. 
cross sections for both bridges. 

_," 1,. . _._ _.." _,.. .^". ., . ,I , 
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Case History 6 

Quartzite 'Canyon' at U66.0. Arizona 

Located in Gila County, Arizona, this bridge was constructed 

L-9 " 

of simple span concrete T beams across an alluvial valley that 

appears to have been degrading over many years. The bed of the 

river is composed of sand and gravel and there is no bed rock 

in the area. The bridge is skewed approximately 30° to the ~ 

channel. 

Gr'a'dati'0.n' Pro'blem: 

h k.i 

'kc? 

Between 1931 and 1969" extentiive degradation occured around 

pier footings. By 1972, the stream bed was dangerously close to 

the pier footing bottoms-(.l5M) - ~ By 1973, the channel 

at the bridge site had aggraded to the level of a downstream 

cutoff wall. Only minor erosion has occured under the bridge- 

since then. 

Counterme'asur'es : 

Following the inspection in 1969,~; that noted extensive 

degradation around pier footings, a cutoff wall was suggested 

downstream to serve as a control measure. 

In 1972, the cutoff wall was constructed downstream with 
i' ,,1 

hopes the bridge site bed level,would aggrade to the level of \ 

yhe cutoff wall. As of 1977, only minor channel work had been 

necessary to ensure the integrity of the cutoff wall. 

JX.s'c'us's‘ion: 

Pier footings bear on alluvial material making them 

vulnerable during peak discharges. The .current drop structure 

h 
has been effective, ,but would also be 'vulnerable 'to peak flows. 



24yqilqble .dacGqentatik includes x?~j,g&nal planr;r:'1960 modification . . . . 
plans,. inspedtion're~or%s ,and crtisk ~setitionk since‘1969, drop 

. 
structure 'plans,, 'plans,, and a ser'ies' of'phdtk before and after drop and a ser'ies' of'phdtk before and after drop 

construction. construction. The're are no tiurrerit slides of this site. The're are no tiurrerit slides of this site. structure 
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Case History '7‘ '- 
:; r : ‘ 

Santa Cri~z :Riyer at I:19 .near $ahtia:rita, ,Arizona 

A 

There 'are 'three 'bridges at this site. Two are I-19 north- 

ccs 
bound and southbound and the other is a bridge 'to the 'sari Xavier 

Mission, which"is also incorporated into the I-19 southbound 

on-ramp. The Mission bridge is most affected by river activity, 

and is the subject of this report. The I-19 bridges are steel girders 
..: ., 

,' supported by CIP concrete piers. Total length of the I-19 

h , 

bridges is ~ .' '125.27M‘ and the length of the Mission bridge 

is 77.72M . The Mission bridge is located approximately 

ac! 

'274.32M downstream from the interstate bridges. There is 

extensive bank protection, especially on the south bank. 

All three bridges form constirictions in the channel. The 
., 

natural channel is approximately ., 274.32M wide with 

, ,,6.10 to 12.19M banks. Bed material is sand and siltjand 

bank material is fine sand and silt, with some clay. There is a 
_", \ / ,: .+, .;, j.,>‘r < ( \ 't‘ 

large meander loop (.154.2M across qI. ( ) just upstream from 

the site; 

Gr.adati'on Problem: 
"". 

At the time of original constnuction, 1956, the Mission 

14 

h 

bridge abutments were protected by raHlbank and sheet pile 

cofferdams. Following the-1969 construction of the interstate : ~.. ,. 
bridges, a 1971 inspection noted apparent shifting of the SW 

abutment and the channel.'had degraded .91 to 1.22N 

In 1973,' sand and gravel excavation was noted downstream, The 

cross section however was unchanged from 1971. 

Early in 1977 , ,the channel had degraded I :.91M, .' . I. 



^. 

.  * .  
I  

which &Qosed th.e 'pile 'at .the .$W end of' theYbridge 'and weakened the 
. 

she&' pile 'support: Extensive 'flooding in 'October' of' thdt year 

caused damage 'to the banks and abutments as well as the 'final 

failure of the 'sheet pile on' the ‘SW abutment. 

'~0'urit'e:~~e.a'si~e.s ;. 

Banks and abutments hdve 'been revetted wtih sheet piling and 

wire-enclosed railbank. No attempt has been made 'to control 

bed level. 

The main channel has degraded about 1.53M since construction ,: / - ,__I_ ,T'i ; 
of the I-19 bridges, and has migrated about 37.2M west at the 

Mission bridge. These developments make abutments and bank pro- 

tection vulnerable to peak flows. Gradation problems have been 

primarily caused by channel constriction. Available documentation 

includes recent slides, plans for the Mission bridge and.I-19 

bridges, inspeciton reports and cross section, photographs, a 

state 1979 aerial photo, and a memorandum describing flood 

19 

Mission bridge. These developments make abutments and bank pro- 

tection vulnerable to peak flows. Gradation problems have been 

primarily caused by channel constriction. Available documentation 

includes recent slides, plans for the Mission bridge and.I-19 

damage in 

bridges, inspeciton reports and cross section, photographs, a 

state 1979 aerial photo, and a memorandum describing flood 

damage in 1977. 

I. 
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Case History 8 
Rillito Creek at I-10 near Tucson, Arizona 

Description: 

This bridge of prestressed concrete 

10 CIP concrete piers 

a clear span of 

The bridge spans the westbound lanes of I-10 north of 

beams is supported by 

with a total length of 104.24M and 

9 . 75K .; 

Tucson, Arizona. Channel width at the crossing is 
. . 

91.44 ro 137,16M,,and the bed material is fine gravel, sand 

and silt. The banks are ;3,'05 to 4.57M high 
: _I 

and are 

generally sidecut. The banks are stratified with well-defined 

layers of gravel, clay and sand. There are '. .61 to 1.22M 

sand islands in the meander loop. Extensive channel reworking 

activity has been conducted in an effort to contain a large 
,._ .I _.,., 'I 

(274:52 to 365,76M across) meander loop which 

has formed downstream of the east Frontage Road bridge. 

Gradation Problem: 

The original bridge was built approximately 91.44? 

downstream from an existing 2 lane highway bridge and railroad 

bridge. Railbank was emplaced between the two highway bridges. 

By 1972, the channel had aggraded 1.52 to 1.83Ls. in the 

northwest part of the channel, and by 1975, the channel had 

degraded :,' ' " :to .61M in the southeast part of the 

channel. In 1979, a flood washed out 10.67M of railbank 
.+ 

and completely washed out the north approach to the Frontage 

Road bridge. 

Countermeasures: 

The washed out section of bank is currently being repaired. 

The north bank between the two bridges is being backfilled and 

railbank emplaced. 



.  ‘1 

Discussion: 

The apparent tendency of the channel at this stie is to 

migrate north. Cross sections at both the westbound I-10 bridge 

and the east 

in the south 

part. Aerial 

, 
"Frontage Roadbridge show a recent trend of aggradation 

part of the channel, and degradation in the north 

photographs also support this conclusion. There is 

gravel mining activity upstream of this site, which may have 

contributed toward formation of the meander pattern. Also, the 

SE approach to the railroad bridge tends to deflect the flow 

northward into the north abutment of the east Frontage Road 

bridge. 

Available documentation includes recent slides, bridge plans, 

inspection records and progressive cross sections for both the 

i ._ i ._ 
WB I-10 bridge and the$rontage Road bridge, WB I-10 bridge and the$rontage Road bridge, and aerial photo- and aerial photo- 

i i 
graphs. graphs. 
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Case,History 9 " > 
Rillito Creek at US 89 near Tucson, Arizona 

Description: 

These bridges are prestressed concrete girders supported by 

4 CIP 4-pier concrete bsnts:.Ouer~all length is : .* 96,32M, 
\. I I i ,n _. . . ..., ".,_ 
with a skew angle of 10 0 " F The-clear span i's 

.,I .I_ ,,^ 
18.90M . 

The double bridge spans a 4-lane primary highway north of ~ 

Tucson, Arizona, Channel width is * 31.44 to 137,16M 
,(I1. ,:_ ,^ , . . 

The bed material is fine gravel, sand and siltrand the banks are 

3.05 to 4.57M high and are generally sidecut. Banks 

are stratified with layers of gravel, sand and clay,and the channel 

is meandering with large sand bars. The surrounding area is desert 

with sparse vegetation. 

Gradation Problem: 

Between 1968 and 1973, borrow pits develop.e.2 dowtistream, 

creating a potential hazard to the footings and bank protection 

from scour during peak flows. By 1974, cross sections indicated 

that the channel had degraded 2.13 to 2.44M in the 

vicinity of the bridge. In 1977, the channel became misaligned 

with the bridge, although it was stabilized at the 1974 level. 
._ ., -... 

Heavy runoff in 1978 damaged the railbank to the NE of the bridge 
‘ 

and scour along the SE bank helped to improve the approach angle. 

The borrow pits were completely filled by natural sedimentation, 

Presently, the channel has stabilized at 2013 to 2,44M' 

below the original construction elevation. 

Countermeas'ur'es: 

With the original construction in 1968, the upstream and 

downstream banks were protected with railbank. 



Due to the degradation, downstream excavation was stopped . . 1. ., 
in 1977, This stabilized the channel. The railbank damaged by 

the heavy runoff of 1978 was repaired, 

Discussion: . 

Downstream escavation has evidently caused long-term de- 

gradation in bed level at the site. It is anticipated that this 

site will stabilize since gravel mining has ceased downstream of 

the site. Available documentation includes bridge plans, inspec- 

tion reports and cross-sections, photos, and an aerial photo. 

No current slides of this site are available. 

/ 
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Case History 10 

Avondale Wash at SR85 near'phoenix, Arizona 

Description! 

This bridge is a continuous steel wide-flange girder, 

supported by two concrete piers. There is 12.19M of clear 

span. 

The site is located on a small 1 9 .14 to 18'.29M .- 

wide wash approximately 45.72M downstream from five 

121.92cm culverts which collect runoff from a major airport. 

The main channel is 1.83 to 2.74M wide and is sinuous. 

Banks are sloping, 1.52 to 2.44M high and the bed 

material is fine silt. The surrounding terrain is irrigated farm- 

land, except for the airport. The channel has a tendency to silt 

in completely during periods of low flow, which is flushed out 
L .._, ._ 

during peak flows. 

Gradation Problem: 

In 1937, the bridge was constructed 9.14PI downstream 

from an'*< existing railroad bridge, which was 1.52% higher 
:, . 

than the road. Originally the bed was 3.05M below the girders, ,'I .~ 

!? but by 1957, the bed was only 1.22M below the girders. 

F \ i 

An inspection in'l969, revealed aggradation to the girder 

level, except for a shallow 3.05M wide channel. The bridge . a .." ., ,, 
was causing local flooding during moderate flows. Ry 1973, the 

channel had filled to the bottom flanges of the girders,and by 

1977, the upstream channel had overgrown with brush and still 

continued to block the waterway. 

Presently, there is no change in the bed level. Some of the 

d .., 



overbank deposits at the railroad bridge are at the same elevation 

as the highway, which is creating a high potential for damage 

to the bridge during peak runoff. 

Countermeasures: 

In 1957, the bridge was widened on the original piers. Due 

to local flooding, the railroad company asked the state to clear 

a channel under the bridge. 

Discussion: 

There is a long-term aggradation problem at this site, 

possibly influenced by the culvert configuration upstream. 

Available supporting documentation includes recent slides, plans 

for 1936 and 1957, inspection reports and correspondence since 

1968, progressive cross-sections,>and a 1976 state photo showing 

upstream reach. 
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Case History 11 

Holy Moses Wash at US66 near Kingman, Arizona 

Description: 

The channel at this site is ephermal, sinuous, 

(22.86 to 45.72X wide, with 1.83 to 3.05 M. banks 

which are generally side-cut. The bed material is aand and gravel, 
i "I 

with 10.16 .to ,15.24cm cobbles, Bank material 

is sand and silt. Mesquite brush grows along the banks upstream. 

This bridge is a continuous steel wide-flange girder 
. 

structure supported by 6 concrete piers with spread footings. 

Over-all length is 76.5014, with a , 11.28M' clear 

span. A railbank retaining wall protects the west abutment and 

the skew angle is 45O. 

Gradation Problem: 

The original construction was performed in 1939, and the 

bed level was approximately 2.44M below girders 

(3.05M above the pier footings.), In 1969, the excavation 

downstream from the bridge caused the channel to degrade, exposing" ,", ~, ". I .._1 ,. 1_ ,. . , 
the footings of piers 1 and 2. 

The channel then aggraded to approximately .6 UT’ above 

the footings at the bridge by 1972. By 1974, the channel had 

aggraded under end spans to within 1.52M of girdersand 

the center part of the channel had stabilized at the level of a 

downstream drop structure. 

Countermeasures: 

Cut-off walls were installed across the channel in 1972. 

This caused the channel to aggrade to a satisfactory level and 

the cutoff walls are still effective. 

. . - _ .  . , .  . “ ”  , . .  _  “ . . . .  . 1  ,  *  . _ .  -  “ l  _  / / . .  c  .  . , . . . .  - l . i . .  . . - _ . _  i ” , _  - , _  - .  . ~  - “ l .  . “ “ . _ _  



Discussi,on: 

Downstream excavation evidently caused a long-term drop 

in bed level at the site. After emplacement of downstream drop 

structures, channel aggraded and ktabilized at a level about 

1,52M below original construction elevation. 

Supporting documentation includes recent slides, original 

plans, inspection reports and cross-sections since 1969, and plans 

for the cutoff wall. 
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dar* ’ i- $1 Case History 12 

Walker Creek at US160 near Mexican Water, Arizona 

d Description . ., ,. 

This channel is meandering, locally braided, and has 

h 

m 

1.52 to 3.05 M sidecut banks. During high water in Walker 

Creek Reservoir downstream, the backwater extends well upstream 

of the bridge filling the overbank channel. There is evidence 

of mass wasting on the banks. The overbank channel is 

'45.72 to 152,4OM wide,and during moderate flows, the stream - 

appears to transport large sediment loads. 

h 

The bridge is a wide flange steel girder type supported by 

2 concrete piers which bear on treated timber piles. Overall 

length is 72.85~ with a 28.35M clearspan. 

Gradation Problem: 

!. pj L The channel has experienced severe aggradation since its 

construction in 1961. Originally the channel was 

h 

12.19 to 15.24M below the bridge,iand it is now up to within 

I 1.52M of the bridge. The aggradation began in 1963 

when Walker Creek .reservoir was constructed downstream of the 

bridge site. 

Countermeas.ur,e's: 

No countermeasures to date have been undertaken at this site. 

Discussion: 

*a 

h 

Backwater effects from the reservoir have decreased the 

freeboard at the bridge to a marginal value. The aggradation can 

be expected to continue, depending on the'reservoir pool level. 
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Case History 13 

ra*, _., ST. FRANCIS RIVER FLOODWAY (DITCHES 60 & 61) 
-AT US-63 NEAR MARKED TREE, ARKANSAS 

_,. , 

Description 

., ._ :._ 

Lat. 35O32', long. 90029'. The flow in the St. Fran- 
@ ._* cis River is controlled,by an earth fill dam, about 11.3km' 'in . .. 

upstream from Marked Tree, AR. Most of the normal and 
flood flow from the river is then diverted through the St. 
Francis River Floodway (fig. 21). Ditches No. 60 and 61, 

!!$$ flowing southwesterly, contain this diverted flow and are 
straight for long reaches. 

Gradation Problem 

A combination of sustained flows higher than design, 
straight channels and clearwaterfrom the diversion dam 
have caused general degradation to occur in Ditches No. 60 

c3 _ .a 'I and 61.. 
U.S. Highway 63 crosses Ditch No. 61 and Ditch No. 60 

near Masked Tree, with two bridges at each crossing, A 
'controlled interconnection between the ditches exists up- 

@a 
stream from the Highway crossing. 

Serious degradation has been occurring on Ditch No. 
61 (fig. 22) causing the Corps of Engineers to divert's 
larger percentage of the flow into Ditch No. 60. This in- 

_, . ..a‘. ,iilj ,,u-, creased flow has caused degradation, with resulting bank 
erosion and slumping, to occur in Ditch No. 60. 

Countermeasures 

All the U.S. Highway bridges crossing the floodway 



Figure 21 - St. Francis River Floodway 
(Ditches 60 and 61) 
Location Map Showing Highway 
63 Bridges and Diversion Dam 
(From M.R.C. Marhad Tree, AR 
15" Quad) 
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ditches were designed to minimize the effects of channel 

degradation and resultant bank 

necessary, however, to provide 
riprap in order to protect 

proven 
such as 

bridges'. 

Besides the streambed 

the 

erosion. It has 

other protection 
integrity of the 

lowering directly associated 

with degradation, very often bank erosion and slumping 

will become a serious problem as a streambed lowers. 

Discussion 



Q .,..I, 

h 
jar. 

RED RIVER AT SH-41.BETWEEN FORMAN AND FULTON, ARKANSAS 

Description 
^_ *. , 1 .,w..x _,..,, ̂_,S . . . . .~ _ . , * ,. ._1 ^. .., ._._" .,.. ", ., 

Lat. 33O351, long. 93O49' to 94O25'. The Red River 

in Little River County, Arkansas flows in an easterly 
direction until it turns southerly and flows towards '1 .; _I :. _I , s ,"' I i( Loul s ys$gA 'r%e "dr%-&je' ar/ea'at F&ton is 120 ;43;3 sq km 
and the channel width is 2?5Mi' 

'...<'< ; 
The river has a sand 

bed and has a history of rapid lateral migration as shown 
by fig. 19. 

% ._ ‘,. 
. 

Gradation Problem 

. 

Large reservoirs, such as Denison Dam, have been 
built on'the RedRiver and have caused channel degradation 
and accellerated lateral movement due to increased sediment 
carrying capacity resulting fromclear water discharges and 
increased sustained flows. 

Both the I-30 and the Highway 41 bridges over the Red 
River have experienced lateral movement and degradation of 
the river channel which has endangered the bridge structures. 
The extent of lateral migration and degradation at the ,, .- ,> .1 ., _a .,i".," .; j _i- 
Highway 41 bridge can be'seenin fig. 20. 

Countermeasures 
I 

., ..‘., _I. ,, . 
Measures used. to protect the banks from continued " 

,, 

lateral erosion have included: riprap, revetment and 
timber pile retards. The timber retards have seemed to be 
the most effective with riprap being least effective. 

". ,, 



Figure 19 - 

i 

Red River at Fulton, AR. 
Dotted pattern indicates areas of 
channel change during the period 
1951-1975. (From,U.S.G,S. Fu.lton, AR. 
7.5' Quad). ', 

,. ; ,; .' I .,.. ,__.,. ,_ . . L . . . . . - 

. 0 5-o /GO F?- ’ 
, 

0 I5 30 W’ .-’ 
,.,,. .,, (, I ‘. 

Figure 20 - Red River near Fulton,' AR. 
Steambed migration and degradation 
at Highway 41 bridge. 
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0 
Discussion 

In a river characterized by swift lateral movement 
and degradation, clear waterdischarges and higher sus- 
tained flows from reservoirs should be taken into careful 
consideration during design of structures to be placed 
on the river. 

d 

h 
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Case History 15 

c . BURNT CANE LAKE AT SH-38-50 NEAR v?,DEN,ER, ARdANSAS 

0 _.,... Description 

Lat. 35OOl', long. 90038'. Burnt 
an old meander scar of the Mississippi 
County, AR. 

Gradation Problem 

Cane Lake occupies 
River in St. Francis 

3 The Highway 38-50 bridge over Burnt Cane Lake was 
built in the 1960's. After the building of the bridge, 
Round Pond Cut-OffWas constructed and diverted St. Francis 
River Floodwaters through Burnt Cane, Lake,(fig. .24). This diversion 

c I 1 and channelization resulted in increased magnitude and dura- 
tion of flows. Degradation of the channel occurred (fig. 25), 
along with the associated bank slumping, and two pile bents 
were seriously exposed. 

Q . - ,,... ‘-.ra*; .,u,I. 5"". -x.>~,, *_.~ .h,,,.4~u...~,;,,.~ -?.r.* ...,i,~~~,~~~~.:,, .r;i..,&-,..-.. , /. _ ,... .,,.., ":( -. ..,'. j ." _.., _ ,.I. I ..,",: -.,. .^ ~"*^+.*._+ . ~" . I .( ,. 
Countermeasures 

Nothing has been done to prevent or control the de- 
t3 ." ,.- grada$$y y , The two exposed pile bents have been "jacked 

down" 
7 L:, 3 .: rl I :' .L.. J - . . . 

2.4; to 3.05M-V$c'-.prevent settlement of the bridge': 

h 

: ,, : 
:_ . i , :: ', 

Discussion ; 
.,I. ^ ). " 

Degradation of a stream channel should be suspected 
anytime the duration and magnitude of flow is increased over that 
present in the stable channel. 



Figure 24 - Burnt Cane Lake and Round Pond Cutoff 
near Widener, AR 
(From U.S.G.S. Whitmore, AR 15' Quad) 



Scale l"= 200’ 

* I 
Figure 25 - Burnt Cane Lake near Widener, AR 

Areas of Bank Slough and Stream- 
bed Degradation at Highway 38-50 
Bridge 
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Case'~History'l6 ,. 1 

t?! CRO'W CREEK AT I-30 NEAR FOREST CITY, ARKANSAS 

0 Description .,.. ,. 

Lat. 35OO2', long. 90045'. Crow Creek in St. Fran- 
cis County, AR flows in a southeasterly direction and 

h joins the St. Francis River near Madison, AR. Loessial .-, I i.r- ;: 
soils are predominant in the approximately 41.4 -sg km 
drainage area. Bank and bed materials are composed of 
fine loessial silt intermixed with sand and small amounts 

SL, of clay. 

Gradation Problem 

'C The Crow Creek channel was realigned at the time of ., ,. L. ;I " ., I , .,,. < . . "_ , > , j ..^. ./1 I, ,. /, /' _a. 
construction of the I-40 bridges. Although not an immediate 
threat to the integrity of the I-40 bridges, considerable 
channel erosion is apparent in the stream reach. 

c? 
Countermeasures 

Considerable amounts of riprap were installed under 

"1 the bridges and for a hundred feet or so downstream. Some 

of the riprap washed out and the degradation became a 
serious problem at which time a check dam was installed 
about 150 feet below the downstream bridge (fig. 23). 

@ A scour hole has developed near the center and partly under- 
neath the check dam. The banks,at the end of the dam have 
eroded and a scour hole is developing below the dam also. 
Repairs to the dam will be needed to keep it functioning. 

6% \_/ 



Discussion 

of structures in loessial 

Care needs to be taken in the design and construction 
soils due to their erodibility. 
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Check dam s tructure at I-30-bridge. 
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Case History 17 

SULPHUR RIVER .AT US-71 NEAR FORT LYNN, ARKANSAS ,. .~ ._.___ ...I _..* ..-, ,.. . . ". 

Description 
,, 

Lat. 33OO9', long. 93O54'. The Sulphur River in Miller 
County, Arkansas flows southeasterly out of Texarkana reser- 
voir until it joins the Red River near Doddridge, AR. The . . . . ..<b ._^X',-.^hJV s % *> : -*. r_aa.,..: de.- ,L . _i%,j>l.~_. * ‘-6.. 4 i ,i .,, .i I f "S ,a. 7bL1 L&L "i".-*V*rr.ic^"~* -I,- ..*_Y ."a 
river is perennial, alluvial, has a silt-clay bed and is 
in a valley of moderate relief with a sl,ope less than .OOOl. 

i;, 
The drainage area is nearly 10,360 sq km and the channel 
is meandering. ,. ,, L_ < 

Gradation Problem 

The U.S. Highway 71 bridge over the Sulphur River was 
built in 1931 and no significant problems existed until 
1953. It was in 1953 that the Texarkana Reservoir began 
operation, causing the normal sediment loads to be stored 
in the reservoir with clear water releases downstream. The 
clear water release coupled with sustained flows near 
average have greatly increased the sediment carrying capa- 
city of the Sulphur River. 

Due to the increased sediment carrying capacity, the 
channel has degraded and lateral erosion endangering the 
bridge has occurred (fig. 18). 

Countermeasures 

Huge quantities of riprap have been placed to attempt 



be holding temporarily with plans under 
lengthening the bridge. 

consideration for 

Discussion 

Riprap is an ineffective method of bank stabilization 
when care is not taken in sizing and placing. Banks must 
be cut back to prevent slumping or the riprap will not 
remain in the proper position to prevent lateral erosion. 
Surface fissures in the soil along streambanks can be used 
to indicate a susceptibility to slumping which can then 
be allowed for in the design process. 

. 

M fr 

Figure 18 - Sulphur River near Ft. Lynn, AR. 
Streambed degradation at U.S. 
Highway 71. 



Case History 18 

h 
BOEUF RIVER AT SH-144 NEAR LAKE VILLAGE, ARKANSP;S 

h Description 
c/ -1". ,. L, .,r 

h ,; 

&Qh 

Lat. 330201, long. 91'22'. The Boeuf River in Chicot 

County, Arkansas flows in a southwesterly direction into 
Louisiana where it eventually joins the Red River. The :g 
drainage area is 919.5.sq km with a valley slope of .0004. 
The stream is perennial, alluvial, in a valley of low re- 
lief with a wide flood plain. The banks are tree covered 
on 50-90 percent of the bankline with a sand-silt streambed. 

Gradation Problem 

The Boeuf River has been straightened and channelized 
in the reach near Lake Village which created a degradation 
problem in the reach. 

The U.S. Highway 82 bridge over the Boeuf River was 
built in 1944. The streambed began degrading, necessitating 
countermeasures in the form of a sheet pile check dam. 

The Highway 144 bridge over the Boeuf River, near 
McMillan Corner, has much the same history as the U.S. 

s*4 Highway 82.bridge. as / ;. 

Countermeasures 

ta At some time after the construction of the bridges, 
a sheet pile check dam was built just downstream from each 
bridge to slow down the degradation of the river. Soon 
afterwards, erosion of the channel bed and banks began 
downstream from the check dams. Large pools have formed 

4% 

r  



into which the banks are slumping and receding towards 
the bridge (fig. 17). Rock riprap placed on the channel 
banks at the pool has not controlled the bank erosion 
problem because it is probably too small and on too steep 
a slope. 

Discussion 

The check dams have protected the two bridges from 
the streambed degradation but have caused a bank recession 
problem downstream that-may endanger the bridge abutments. 
This points out the necessity of careful study and design 
before measures are taken to control degradation if prob- 

to be reduced. lems caused by the countermeasures are 

b 
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Scour hole 

I ‘. Scale I”= 50’ ’ 

Figure 17 - Boeuf River near Lake Village, AR. 
Typical scour hole below Check Dam. 
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Case History 19 

Stillwater Creek at SR299 near Redding, California 

Description: 

This bridge is a continuous RC slab on wall piers with 

concrete piles. The over-all length is 45.4214 with a 

L2.8OM clear span. 

The channel bed is made up of coarse aggragate with some 

exposed bedrock. 

Gradation Problem: 

Between the data of construction (1955) and 1964, no 

significant problems were encountered. However, in 1964, a 

flood exposed the footings and washed away sacked concrte. The 

bed level dropped to the bottom of one footing. 

1969 photos show the bottoms of the footings exposed, 

and the slope protection undermined. 

1974 brought continued scour problems around footings, 

expecially on the western end3 of the bridge. 

Countermeasures: 

Only minor repair work was done up until 1974. After the 

flooding of 1974, the abutment scour and bed degradation on the 

western bridge end endangered the structures integrity. Large 

rock riprap was placed along the toe of the concrete slope pave- 

ment and into the cut channel between the abutment and first pier. 

In 1976, there was still '. -'.61 to .91M of scour 

around the above pier, and degradation appeared to be mitigating 

downstream. However,, no additional corrective measures have been 

taken to date. 

Discussion: 

This site is considered to bg typical of maintenance problems 



”  

l 

encountered in the Redding area. State personnel attribute the 

degradation to increased velocity due to highway encroachment 

and to continual aggregate mining. Also, the 1974 flood seems to 

have triggered a general degradation trend in the area. Since 

that time, no form of bank or pier protection has been truly 

effective. Replacement of riprap has become a continuous activity 

in the distri-ct. The channels in the Redding area are characterized ._ 
as unstable and degrading, with a potnetial for serious bridge 

problems in the future. 
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SMITH RIVER AT US-101 NEAR CRESCENT,6CITY, CALIFORNIA 

Description 
The bridge is constructed of RC continuous slab approach spans, 

and welded.steel'plate girder center spans, Some piers are on 

piles, while others are on spread footings. The clear span is 

54.86M. 
The channe.1 is alluvial, with sand, gravel and large cobbles. 

The site is considered to be in the tidal zone. 

Gradation Problem 
Original construction was completed in 1940,'and a 1966 

report noted erosion under the southwest corner post and the 
cantilevered end sections. 
c*:. "4: By 1972, the bed had degraded 2.74M to‘the level of at 
least one footing. Both banks had also been eroded. 

Subsequent inspection in 1972 indicate~s that the-channel 
had degraded 4.88M in some places. However, inspections in 

1974 noted that the bed of the river had partially stabilized 
and further scour at the footings had ceased. 

Countermeasures 
Sheet piling and concrete were emplaced around the footing 

in 1972. These measures were.&oniy partly successful. 

Discussion 
'"Thc'maintenance efforts $n 1974 seem"to have controlled - _I .‘,._ _v ,1,~ * ;_ . < 

the degradation problem at the spread footings. Also, the 

channel bed appears to be stabilizing. State maintenance per- 

sonnel attribute this to the terminatio.n,.,of, the upstream gravel 
mining. 

. 
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TOTAL LENGTH OF BRIDGE = l05d’-d’ ___-_ ___-.- y---- -.-- 

5 tandard 5 true f ures 
Cross-sections 
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